The objective of this study is to determine the optimal conditions of the operational parameters: type of flocculant (chitosan(s) and ferrocryl ® 8723), dose of flocculant (0.1g/L at 0.5g/L) and pH (6 to 9) in the treatment of hot dip galvanizing effluents using coagulation/flocculation processes. The optimization of these parameters is done by the methodology of experimental design which allowed us to predict the optimal conditions. The concerned results, especially the theoretical operating parameters, allowed us to give a better reduction of the TSS, BOD5 and COD in the optimal conditions namely: the pH of about 9, the type of flocculant is chitosan(s) with a dose of 0.2g/L.
Introduction
The industrial effluents produced by hot-dip galvanizing techniques were mostly treated by physicochemical processes. These methods include several treatment methods from which there are mentioned: membrane processes 1 , oxidation 2 , adsorption on different adsorptive materials 3 , electro coagulation 4 and also coagulation-flocculation processes 5, 6 . The latter has wide use in the treatment of wastewater containing inorganic 7 , organic 8 and organometallic micro pollutants 9 . However, these processes require huge quantities of products, chemical reagents and the results obtained through conventional methods do not give complete eliminations of the pollution level on the one hand. They require much time and also analysis on the other hand. In other ways, these processes are expensive and endless. To solve these problems, it was called for cheaper, cheaper and faster methods; one of its is the methodology of the planning of experiments. This methodology allowed us to evaluate several operating parameters (factors) at a time and the results obtained through this methodology were satisfied.
In this work, it was treated liquid effluents from hot-dip galvanizing by coagulation/flocculation processes using coagulant such as Ca(OH)2 10, 11 and flocculants of ferrocryl ® 8723 10, 11 and chitosan(s) 11 .
The objective of this work is to study the influence of the experimental factors (a type of flocculant, doses of flocculants and pH) on the studied responses that are in this work, the reduction rates of the TSS, BOD5 and COD contents. To optimize these last factors, it was used the methodology of the experimental design based on a mathematical model of first degree which allowed us to find operating conditions allowing eliminate the maximums of the pollutants.
Materials and experimental methods

Flocculant(s)
The polyelectrolyte used for flocculation are ferrocryl ® 8723 powder with a purity of 98%, of the family of polyacrylamides whose chemical formula is (C3H5NO.C3H4O2)n and the molecular weight between in range of 11.10 6 and 12.10 6 g/mol, ionic character is anionic and was provided by Henkel Metallochemistry and chitosan(s) is a cationic polymer that can be obtained by the acetylating of chitin [10] [11] [12] 13 whose chemical formula (C6H11NO4)n.
Preparation of chitosan from chitin
Preparation of chitosan is simply deacetylation of chitin in alkaline medium. Figures 1 and 2 showed the necessary steps for obtaining chitosan. 
Experimental Section
To determine the effects of the factors and their interactions on the responses we studied, there were used the experimental design methodology by using the Nemrodw software that allows the development of planning of experiments and analysis of experimental results by analyzing statistical indicators and other specific tools to achieve the proposed objective.
Experimental Planning Methodology (EPM)
The classical method used to study the influence of parameters on a studied response is to change one of these operating parameters while the others are now fixedx 14 . On the other hand, the methodology of the experimental designx 15, 16 allowed us to simplify the exploitation of the results of the experimental study while minimizing the number of tests carried out 17 . Through a multidimensional experimental field, it can determine the main effects, and their interactions on the responses studied.
Description of the experimental study
The flocculant dose optimization depends on three factors (type of flocculant, dose of flocculant and pH) that influence the responses (TSS, COD and BOD5). It was chosen a factorial matrix that could find the optimal qualities predicting or conforming the calculated response to all experimental study field points. Its various factors, experimental responses, matrix of experiments, experimental design and characteristics of the problems have been summarized in the Tables (1-4) . .
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Results and Discussion
Characteristic of the physical-chemical parameters of the hot-dip galvanizing rejects
Characterization of chitosan(s) Metallographic microscopy
Figure 3. Morphology of chitosan(s) (B, B') seen by metallographic microscopy at 40x (B) and 100x (B') According to this figure, it was noticed that extracted chitosan exhibited flake layers, and in the same sense, it was observed an increase in pores density in some areas, as in the studies of Kucukgulmezand al 19 which simulated this work.
Infrared spectroscopy
Fourier transform infrared spectroscopy analysis of chitosan, and the main bands are shown in Figure 4 : From Figure 4 , we found that the main peaks found at 3356.4 cm -1 for chitosan beads were assigned to the stretching vibration of OH and NH groups. The peak at 2870.5 cm -1 was due to stretching of the CH vibration. -CONH2 stretching in the secondary amide groups was observed at 1654.2 cm -1 while the peak at 1592cm -1 was attributed to NH bending in the primary amine (NH2) groups. The deformation vibration of NH in NH2 was represented by the peak at 1420.2 cm -1 . Other peaks observed chitosan beads were found at 1373.9 cm -1 stretching vibration of (-CN), 1147.7 cm band was assigned to the absorption peaks of α-(1, 4) glycoside in chitosan. These results confirm that the experimentally prepared chitosan was identical to that of the chitosan structure [20] [21] [22] . 
Statistical analyzes Model equation
experimental fields; b1: Effect of factor 1; b2: Effect factor 2; b3: Effect factor 3; b12: Interaction between factors 1 and 2; b13: Interaction between factors 1 and 3; b23: Interaction between factors 2 and 3; ε: Residues.
Estimation and statistical coefficients
All the coefficient factors studied as well as their effects, as well as the observed probability (significance), are grouped in Table 6 . The values of t-student are used to determine the significance of the coefficients of each factor, whereas the signals are defined as the smallest significance level. In general, the larger t-student size, the smallest of significance, and the more significant of the coefficient term 23, 24 . 32.4% ***significant at 0.1%, **significant at 1% and *significant at 5% 25 From the results obtained in Table 6 , it was found that there are small significant values indicating that the model has a good significance of the coefficient.
The third column of the coefficient analysis table gives the inflation factor which is an absolute measure of the independence of the coefficients 26, 27 , that it measures the degree of orthogonality of the matrix experiments. This shows that the quality of information decreases with the increase of the inflation factor. It can be said that an experience matrix provides the desired information if the inflation factor remains closest to 1.
Stick-attracted scheme medium effects
The stick-attracted diagram is to supplement the results obtained by the statistic which estimates the systems of previously obtained coefficients. Figures (5-7) represent stick-attracted diagrams that would release the most influential factors on the elimination of the rate of responses (TSS, BOD5 and COD) by the coagulation/ flocculation process. Figures (5-7) it is noticed that previously studied factors type of flocculant (b1), dose of flocculant (b2), pH (b3), give a significant improvement and effect on the elimination of the responses, thus a greater effect between the interaction (b12, b13 and b23).
Results analysis
Analysis of variance
Variance analysis makes it possible to show if the variables used for modelling as a whole have a significant effect on the response. Table 7 shows the results of the analysis of variance, significant and the level of confidence of the model obtained. The results presented in Table 7 indicate that the main effect of the regression is significant since the probability of the importance of the p-value risk is less than 5%, so the model is statistically significant, especially since it has a higher level of confidence 28 .
Statistical analysis of the results
In order to judge the quality of the chosen model, it was limited only to using the multiple linear correlation coefficient R 2 . It is well known that this coefficient must be handled with care. It is, therefore, more prudent to accompany it in practice by calculating another coefficient such as the adjusted multiple linear correlation coefficient R 2a [29] [30] Table 8 presents the description coefficient of quality of the different models obtained. 
PRESS = Predicted Residual Sum of Squares
From the results presented in the Table 8 
Statistical analysis of residues
To confirm that the model describes well the variations of the responses, it is necessary to ensure that, locally, the residues are not abnormally high. The normality of the distribution of residues is an important assumption of the least squares method. Given the number of N tests presented in experimental design, Henry's graphical method is generally used as in Figures 8-10 . According to Figures 8-10 , which show the distributions of residues, it is observed that each point on the Henry line has a residual value at one point of the experimental design. At the end of this section, we extracted the optimal conditions, which will be necessary to have a maximum reduction of the TSS, BOD5 and COD on the one hand and the economic and environmental requests on the other hand. Table 9 extracts the optimal conditions. 
From equations (7-9), it is found that the responses calculated by the three models selected are adequate to the results found experimentally.
Validation of the model
The model validation is to ensure that the responses calculated (predicted response by model) for experimental variation field are roughly the same as the measured responses. Table 10 gathers the experimental results and the results calculated using the NEMRODW software. According to Figures 14-16 , which illustrate the correlations of the experimental and modelled results, it was found that the theoretical results coincide with the experimental results. This made possible to say that the three models obtained are adequate for our study.
At the end of this work, it was realized a test, which considered the optimum operating conditions. The coordinates were: X1 = chitosan(s), X2 = 0.2 g/L and X3 = 9. Table 11 displays the results of the predicted and experimental values. The mentioned results in Table 11 show that there is no significant difference between the experimental and predicted responses, which show that the approach used in this study gave us satisfactory results.
Conclusion
In this work, we studied the modelling and the optimization of physical-chemical operating variables or operating factors (TSS, BOD5 and COD) by the methodology of the experimental design in order to find the mathematical model which allowed us to predict the results obtained physical-chemical values of selected operating parameters. Through the optimization studies, it was found that the results of the responses calculated by the three modules selected are close to those found by experimentation.
